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INTFDEÜCnCIN

This is a study of infant characteristics that influence cogni
tive functioning.

If more were known about the personal characteris

tics that influence cognitive development then the assessment of these
characteristics might be useful for the identification of infants vrtio
are at-risk in terms of later cognitive development.

Knowledge of

these characteristics might also contribute to the planning of effec
tive intervention strategies to prevent or minimize cognitive impair
ment.
Present techniques of assessment of infant cognitive functioning
are of little help in the identification of at-risk infants (Bayley,
1933; Lewis, 1973; Parmelee & Haber, 1973; Sigman, 1976).

It remains

unclear vdiat characteristics displayed during the period of infancy
correlate with later cognitive development (McCall, Hoharty & Hurlburt,
1972; Sigman, Beckwith, Cohen, Kopp, Littmen & Parmelee, 1977).
Parmelee, Sigman, Kopp and Haber (1974) have proposed the use of
multiple measures to identify the at-risk infant.

These investigators

suggest that a cumulative risk score, conposed of multiple measures,
may be a better predictor of functioning level than a single score on
a standardized test.

Preliminary results from the use of this cumula

tive risk score ^stem suggest the advantage of multiple measures in
assessment (Sigman, et al, 1977).

However, considerably more research

is required to determine vhat multiple measures can be used to improve
the validity of early judgments.
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Attention and Cognition

Measures of attention seem vrorthvMle for assessing development
during infancy.

Lewis (1974) has emphasized the inportance of the

relationship between attention and infant cognitive development.

He

suggests that since attending is a prerequisite to learning, indivi
dual differences in attending may be predictive of differences in later
cognitive functioning.

For exanple, an infant adept at attending would

have an advantage in learning over an infant vdiose attending skills
were not so well developed.

Attention necessarily has a significant

relationship to cognition and therefore seems to be a worthvdiile area
of investigation.

Attention and the Orienting Response

Attention is a covert process and cannot be measured or observed
directly.
tion.

Currently there is no consensus on a definition of atten

One definition which seems to be in agreement with vdiat is known

about attention is that it at least reflects an individual's readiness
to receive and process information (Ross, 1976).

Conditions that ac

company attention can be measured by physiological changes which occur
in response to repeatedly presented information.

One physiologiccil

variable v M c h correlates with attention is cardiac change in response
to a moderate-level of stimulation.

This cardiac change is generally

referred to as a ccnponent of an orienting response (Crowell, Jones,
Nahagawa & Kapuniai, 1972).
ïhe orienting response was first described by Pavlov (1927).

He

observed that the dogs in his laboratory stiffened their ears and
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inhibited ongoing activity vSien a novel stimulus was presented.

Pav

lov referred to this behavior as an unconditioned orienting reflex or
the "vdiat-is-it?" reaction.

Extensive w r k with the orienting reflex

and its parameters, with both animals and humans, was carried out in
Russia.

This work was largely ignored by western psychologists until

there was a demonstration of distinctive electrophysiological changes
that took place with the orienting reflex in all types of learning set
tings (Grossman, 1967).
Researchers in psychophysiology in the IMited States have shown
a renewed interest in the orienting response.

This interest is to a

large extent a function of an information processing model, based on
the orienting reflex, which was proposed by Sokolov (1963).

In this

model Sokolov described two types of generalized responses to stimula
tion.

One type of response is the orienting response which enhances

the effects of stimulation and assists the organism in processing infor
mation.

The other type of response is a defensive response vÆiich lim

its stimulation effects and functions to protect the organism.

Ihe

model suggests that different physiological changes are associated
with the orienting and the defensive re^nses.
One difference between the orienting response and the defensive
response seems to be based on the direction of the heart rate change;
a decrease for the orienting response and an increase for the defensive
response.
tation.

A substantial amount of data tends to stçsport this interpre
Graham and Clifton (1966), Lacey (1967) and Graham and Jack

son (1970) have interpreted heart rate deceleration as indicative of
the orienting response and heart rate acceleration as demonstrating
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the defensive response.

This differentiation of the oriaiting and de

fensive responses, based on the direction of heart-rate change, has
been shewn with infants (Rewey, 1973; Berg, 1974) and also with adults
(Berg & Chan, 1973; Jackson, 1974).

Thus, the cardiac orienting re

sponse, indicated by heart-rate deceleration, is assumed to reflect
receptivity to novel stimuli.
Forges (1977) has proposed a model of attention as indicated by
the heart-rate response.

This model is based içon results from sev

eral studies (Forges, 1972, 1974; Forges & Raskin, 1969; '?orges, Wal
ter, Rorb & Sprague, 1975) where different components of the heartrate response were associated with different types of attention.

The

two components of the heart-rate response are the reactive and sus
tained.

The reactive component is made up of two responses; the first,

a short latency response, occurs within two seconds following the on
set of the novel stimulus and the second, a long latency response,
occurs ajproximately two to six seconds following onset.

Forges has

suggested that the first part of the reactive component may be analo
gous to Sokolov's (1963) view of the orienting reflex as an intensity
sensor.

The second part of the reactive component (the long-latency

response) may last for four or five seconds and be a function of the
qualitative nature .of the stimulus.

Forges, Stamps and Walter (1974)

proposed that the short-latency response may be reflexive and the
long latency response more cognitive in nature.

The second ccnponent,

the sustained ccmpon mt, is distinguished by a decrease in heart-rate
variability and reduced or temporary cessation of motor and respira
tion responses.

This component continues for the duration of time
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the subject attends.

According to this model, measures of cardiac

change reflect attentional responsivity.
Use of cardiac change as a measure of attention in infancy has
several advantages.

Only a minimal involvement of the child is re

quired and an objective measure (cardiac rate change) is obtained.
In addition, numerous studies have been undertaken with normal infants
to demonstrate the use of a physiological measure of the orienting re
sponse to a variety of stimuli including auditory, tactile, visual and
olfactory (Bronshtein, Itina, Kamenetskaia & Sytova, 1958? Bridger,
1961; Keen, 1964; Egan & Lipsett, 1965).
In summary, the distribution of infants' attentional responses to
repeated stimulation, or receptivity to novel stimuli, can be assessed
by the use of the cardiac orienting response.

This method has some ad

vantages over standardized tests in infant assessment and the response
occurs to several different types of stimuli. The cardiac component of
the orienting response is an important phenomenon for investigation since
it is a crucial factor in cognitive development (Crowell, et al, 1972).

Cognition and Exploratory Behavior

Another factor v ^ c h may be related to cognitive development in
infancy is exploratory behavior.

Yarrow, Klein, Icmanaoo and Morgan

(1975) have enphasized that it is not sufficient to try to change an
at-risk child's I.Q. score.

Rather, the competent child is one vho

freely explores the environment and persists even on difficult tasks.
The authors indicate that these oognitive-motivational factors may
likely be prerequisites to sustained intellectual functioning.
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Evidence for the realtionship of exploratory behavior and cogni
tion has been demonstrated in a study ty Yarrcw, et al, (1975).

Per

formance at 3% years on the Stanford-Binet was found to be signifi
cantly correlated with the length of exploration of novel objects in
six-month-old infants.

This finding is not surprising since an infant

vdio actively e:^lores novel objects has more opportunities to learn
about them and therefore, would probably function at a higher cognitive
level than an infant who is passive and rarely explores.
Infants' exploratory behavior can be measured in several ways.
One method is to present the child with a novel object and to record
the length of time the object is manipulated and visually explored
(Rubenstein, 1967).

Another procedure to measure exploratory behavior

is to examine infants' preference for novelty.

This can be done by

presenting the child with a novel and a familiar object simultaneously
and by observing vÆûch object is manipulated or visually ej^lored for
a longer period of time (Rubenstein, 1967; Sigman, 1976).
Piaget (1952) describes the importance of novelty or variety to
the development of knowledge.

Variety allows schemata to be differen

tiated throuÿi the processes of assimilation and acocnmodation. A sche
ma is a structure underlying a child's actions.

Assimilation is the

process whereby the child takes in information and adds that informa
tion to knowledge that already exists.

The process of changing the

knowledge that already exists to meet the demands of a new situation
is accommodation.

As an infant develops different schemata, he becomes

CcÇ)able of interacting with novel objects in different ways resulting
in even more of a variety of stimrulation for the child.

The production
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of this variety, or novel stimulation, is pleasurable for the infant
and he continues exploring and learning about the environment.
The human infant actively seeks stimulus change (Siqueland, 1969).
Bheingold and Samuels (1968) found that the lack of stimulus change
becomes aversive for ten-month-old babies.
The work of several investigators (Fagan, Fantz & Miranda, 1971;
Weizman, Cohen & Pratt, 1971; Vfetherford & Cohen, 1973) suggests that
this preference for novelty over familiarity in the exploration of the
environment has a developmental ccnponent.

Though infants show a pre

ference for novel two-dimensional visual stimuli at least as early as
ten weeks of age (Wetherford & Cohen, 1973), differential manipulation
of objects does not occur until about eight months of age (Schaffer,
1975).

As the infant matures and acquires more information about the

environment through the acquisition of differentiated schemata, his
preference for the familiar seons to change to a preference for novelty.
This preference vould be expected to facilitate further cognitive
growth.
Additional evidence regarding the relationship between preference
for novelty and cognition is provided in a study by Miranda and Fantz.
(1974).

Down's syndrome infants displayed a visual preference for nov

el two-dimensional objects at later ages than normal infants.

Down's

syndrome infants are a cognitively delayed grotp, at least after one
year of age (Kopp, 1977).

In addition, Sigman (1976) found that when

eight-month-old premature and fullterm infants of equal conceptual age
were assessed for exploratory behavior, different patterns of prefer^
ence for novelty were evident.

Althou^ all of the infants in her :

Reproduced with permission of the copyright owner. Further reproduction prohibited without p

stui^ showed a preference for novelty/ the degree of preferential
attention was greater for fullterm infants.

In this same study it was

found that vdien high- and low-risk infants were ooitpared on preference
behavior, low-risk infants also displayed greater preference for
novelty.

This type of exploratory behavior necessarily involves cog

nition since the infant must recognize the familiar to demonstrate a
preference (Sigman, 1976).

Purpose of the Current Investigation

The substantial role of attention and exploratory behavior in cog
nitive development is supported by considerable research evidence.
Differences on a measure vdiich is correlated with attention and on
measures of exploratory behavior would therefore, be expected to vary
with different levels of cognitive development.

Research which exca-

mines the realtionship of both attention and exploratory behavior to
cognition could provide much needed information in the area of infant
develcpnait.
The purpose of this investigation was to determine whether two
groups of infants differed on a measure of a physiological response
vhich accompanies attention and on two measures of exploratory behavior.
One group of infants was developing normally and the other, due to
prenatal catplications, was developmentally delayed.

The physiologi

cal measure vhich accompanies attention was cardiac change in response
to a repeatedly presented auditory signal.

Exploratory bdiavior was

measured by duration of manipulation of a novel object and also by
differential manipulation of novel and familiar objects.

The research
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hypothesis was that there would be a difference between the normal in
fants and the developmentally delayed infants on all three measures.
It was expected that the normal infants would show greater cardiac de
celeration to the auditory signal, longer duration of manipulation of
a novel object and greater preference for novel objects than the deve
lopmentally delayed infants.

Since attention and exploratory behavior

are related to cognitive functioning, differences in the three measures
used would be expected to vary with different levels of cognitive deve
lopment.
All infants in the grorqp that was delayed in development had suf
fered sane type of prenatal condition associated with mental iirpairment
in childhood.

These prenatal factors included: hydroc^haly, micro

cephaly, Down's syndrome and Comrade's syndrome.

These children were

likely to be functioning at lower cognitive levels than the normally
developing children during infancy;, as well.

Evidence for this differ

ence in developmental level in these infants was shown by slower rates
of development of motor, social and pre-language skills.
Three experiments were included in this study.

Experiment 1

examined cardiac change to a repeatedly presented auditory signal.
Experhtent 2 investigated e^çdoratory behavior measured by duration
of manipulation and visual exploration of a novel object.

Experiment

3 examined exploratory behavior indicated by differential manipulation
and visual exploration of novel objects.

Amount of vocalization was

also observed during experiments 2 and 3.
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The purpose of this ej^jeriment was to examine the cardiac response
of normal and developmentally delayed infants to a repeatedly presented
auditory signal.

Method

Subjects

Ten infants from the Bronson Methodist Hospital Follow Along
Clinic in Kalamazoo, Michigan were the subjects for this stu<^.

All

children involved in the Clinic had been in the Bronson Special Care
Nursery because of some problem vhich occurred before, during or short
ly after birth.

Five of the infants had experienced some type of dif-

ficutly, such as prematurity, but were diagnosed by their physicians
as developing as healthy normal babies.

Clinic records indicated that

these infants were developing at a normal rate in terms of physical
growth and motor, social and pre-language skills.

The other five in

fants were diagnosed by their physicians as developmentally delayed
due to some prenatal condition associated with mental impairment in
childhood.

These prenatal conditions included Comrade's syndrome,

Down's syndrome, arrested hydrocephaly and microcephaly.

For these

five infants the clinic records all contained a history of delayed
development in motor, social and pre-language skills.
The infants were selected on the basis of the following criteria;
(a) age at time of assessment between 8 and 24 months (One child with

10
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Oonrade's syndrome was 31 months old.) (b) no physical iitpairment that
w u l d interfere with performance (c) family residing within a 40-mile
radius of Kalamazoo (d) permission given by the child's physician
(e) permission given by the child’s mother.
The groiç) of infants developing normally contained one girl and
four boys and in the developmentally delayed group there were three
girls and two boys.
Age mean, median and range scores for each gÀ>rp are presented
in Table 1 (see page 12).

No difference in age was found for the two

groups of subjects (t, 8 = 1.14, NSD).
Originally there were 14 subjects selected for the stud^.

How^

ever, three subjects in the normal group fell asleep during the asses
sment and one subject in the developmentally delayed group cried the
entire time and the session was terminated.
Clinic records were screened for infants who met the criteria for
the study.

The local physician for each infant selected was contacted

and the purpose and procedures for the study explained to him.

A to

tal of seven physicians were contacted and all agreed to participate.
After receiving the physician’s written permission, the examiner con
tacted the mother and described the study to her.

If the mother indi

cated a willingness to participate the examiner made an appointment to
visit the home.

On the home visit the examiner described the st u ^ in

detail, answered any questions the mother had and asJced her to come to
the hospital with the infant for the assessment.

Of 16 families con

tacted, 13 agreed to participate and showed up for the appointment
(two infantzs were from one family), three agreed to ccme and did not
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Table 1
Ages in Months

Grorp

Mean

Median

Range

Normal Infants

5

14.7

16.0

10.8 - 18.6

Developmentally
Delayed Infants

5

18.8

16.5

12.4 - 31.4

show iç) for their ^pointnents, one moved out of town before the sche
duled appointment and one refused to participate.

For the mothers who

agreed to participate, an appointment was scheduled for a two-hour ses
sion.

As much as possible, this appointment was arranged so as to

avoid the infant's feeding and nap times.

Procedure
When the mother and child arrived at the hospital the mother was
asked to sign an informed consent form.

This form was read to her and

she was given an opportunity to ask any questions she might have about
the procedures.

This part of the session was tape recorded to provide

a record of the questions and answers.
The experiment was conducted in a 10' x 14' room in the Clinical
Investigational Unit of Bronson Hogoital.

The room contained only a

desk, two chairs and the equipment for the study.
on the mother's lap facing a blank wall.

The child was seated

The mother was instructed

that vhen the session started she was to remain as still as possible
and not interact with the child in any way.

A toy with which the child

was to play was attached to a string and the string was placed around
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the mother’s wrist (See Figure 1, page 14).

The mother was told to

hold the toy within the child's reach.
Three Beckman miniature skin electrodes were attached to the in
fant’s body; one to the front of the right shoulder just below the
collar bone, another on the left side at the midpoint of a line bertween the antpit and the bottom of the rib cage, and the third at the
same point on the right side.

A double stid^-sided annulus held the

electrode in place and standard electrode paste was used.

The elec

trode wires were hidden under the child’s clothing to prevent the child
from playing with them.

Several minutes were allowed for the child to

adapt to the situation.
Heart rate was recorded on a Grass polygraph. Model 79 PCP A.
Beat-to-beat intervals were converted to beats-per-minute by a Grass
tachogr^h.

Heart-rate amplitude was recorded on the second channel

of the polygr^.
A six-inch speaker was located approximately three feet behind
the infant and the mother at the level of the child’s head.

The speak

er was connected to a Heathkit Model 1 G-82 Sine-square Wave Generator
and two Hunter Decade Interval Timers, Model 11-B.

This apparatus was

used to deliver a 65 db pure sine tone at 350 cps for 30 seconds.
A B & K Sound Level Meter was used to measure the level of the pure
tone and of the ambient noise.

The ambient noise level at the height

of the child’s head was 45 db.

The pure tone was presented for 15

trials with 20 second interstimulus intervals.

Presentation began

once a stable baseline, established by visual inspection of the heartrate record, was obtained.

An automatic counter recorded the number
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Figure 1.The Toy with which children played.

of trials.

A six-foot metal screen separated the mother and child

from the equipment.

Two examiners were present for all sessions to

operate and monitor the equipment.
Following the 15 trials of the pure tone there was a second sti-^
mulus presented for two trials.
tone at 650 cps.

The second stimulus was a 65 db pure

This paradigm was used to determine vhether any de

crease in responding might be attributed to fatigue.

Two of the in

fants in the developmentally delayed grorp had hearing problems and
for these subjects the db levels for both stimuli were 65 db of 400
and 700 cps respectively.
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Cardiac measure

Tlie average number of beats per minute for each one-second inter
val was calculated.

The one-second interval included all full beats

and beats of which 50 percent or more fell within the interval.

The

data were analyzed over one-seoond prior to stimulus onset and nine
seconds following stimulus onset.

This interval was selected on the

basis of previous studies which indicated that the deceleratory re
sponse of the heart to stimulus presentation was included within this
nine-seoond interval (Pomerleau-Malcuit & Clifton, 1973; Adkinson &
Berg, 1976).

The heart-rate data were hand scored.

Results

A linear regression of poststimulus heart rate \:pon prestimulus
heart rate reveeded a beta of .99.

If results of a linear regression

indicate that the beta is within a range of .99 to .85, previous re
search has shown that tlie prestimulus level accounts for little of
the variance (Graham, 1977).

Therefore, no adjustment of the heart-

rate measures was made.

Habituation
A 2 (infant group) x 15 (trials) x 9 (intervals: seconds follow
ing onset) analysis of variance resulted in no significant effect of
trials (See Table 2, page 16.).
The expected habituation over trials was not shown in the data,
but there was a fluctuation in the heart-rate response to the tone for
both groups of infants.

The fluctuation is represented in Figure 2.
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Table 2
Analysis of Variance Sumrary Table

Source

Sun of
squares

Degrcas of
freedom

Mean
Group
Error

740.44
1304.00
1527.50

1
1
8

740.44
1303.99
190.94

3.88
6.83*

2921.86
6386.83
36263.29

14
14
112

208.70
456.20
323.78

.64
1.41

Interval
Interval x grorp
Error

260.37
648.80
1522.83

8
8
64

32.55
81.10
23.79

Trial x interval
Trial x interval
X groxp
Error

2829.43

112

25.26

.99

2323.92

112

20.75

.82

22690.87

896

25.32

Trial
Trial x grorp
Error

Mean
square

F

1.37
3.41**

* p < .03
** p <.003

Both the normal and the developmentally delayed infants shewed three
phases of deceleration or fluctuation.

The first two fluctuations for

the developmentally delayed babies seemed to occur on scmewhat later
trials than the fluctuations for the normal infants.

For trials two

throu^ seven, the data for the developmentally delayed infants are a
mirror image of the data for the normal infants (See Figure 2, page 17.).

Patterning

Figure 2 also shows that the normal infants appeared to exhibit
heart-rate deceleration more frequently than the developmentally de
layed infants.

Individual analysis of the intervals within a grorp,

suimed across trials, indicated that the normal infants showed a
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Figure 2. Heart Rate Change for Nine-Seconds Post Onset.
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significant heart-rate deceleration 4, 5, 6 and 7 seconds following
stimulus onset.

The developmentally delayed infants did not demon

strate significant heart-rate change on any of the one-second inter
vals (Tukey HSD Test).

(See Table 3, page 19.)

Normal infants maintained the deceleration in heart rate from two
to five consecutive trials and the developmentally delayed infants
from one to three trials.

(See Figure 2.)

An analysis of variance indicated a significant group x interval
interaction.

(See Table 2.)

Figure 3 (page 20) shows that the normal

babies evidenced a deceleration in heart rate after the first one-sec
ond interval.

In contrast, after the first one-seoond interval, the

developmentally delayed infants demonstrated an acceleration on five
intervals following the onset of the tone.

Some deceleration in heart

rate became evident for those infants on the ninth interval.
Individual analysis of the groups at each of the nine intervals
indicated that there were significant differences between the groups
for 3, 4, 5, 6 and 7 seconds following the presentation of the tone.
(See Table 4, page 19).
The strong deceleration in heart rate for the normal infants was
also evident in the data for the individual babies.

The individual

data, for the developmentally delayed infants show either a relatively
weak deceleration or an acceleration in heart rate.
displayed in Table 5 (page 21).

These data are

The range in heart-rate change on the

15 trials for the normal babies was -84.0 to -155.7 beats per minute
and for the developmentally delayed infants -66.2 to +153.1 beats per
minute.
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Table 3
Mean Heart Rate Change Scores Sunmated over Trials
for Each Interval Following Onset of the Tone
(beats per minute)

Interval following
stimulus onset

Normal
infants

Developmentally
delayed infants

1

.5

-.4

2

- .3

.1

3

-1.9

.5

4

-2.4*

.6

5

-3.0*

i8

6

-2.9*

.4

7

-2.5*

8

-1.8

-.1

9

-1.6

-.2

0

*p <,05

Table 4
Between Groip Comparison of Cardiac Change Scores
Suramated over Trials
(beats per minute)
Interval following
stimulus onset

Mean for
normal
infants

Mean for
developnentally
delayed infants

Difference
between
groups

1

.54

-.32

2

- .31

.13

.44

3

-1.83

.58

2.41*
2.98*

.86

4

-2.35

.63

5

-2.95

.88

3.83*

6

-2.82

.46

3.28*

7

-2.43

.03

2.46*

8

-1.79

-.03

1.76

9

-1.58

- .20

1.38

*p <.05
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Table 5
Heart Rate Change for Individual Infants
Summted Over 15 Trials
(beats per minute)
Developmentally
delayed infants

Normal infants
-155.7

- 66.2

-140.2

- 39.2

-115.8

-

- 91.5

+ 81.3

3.6

- 84.0

+153.1

The data for each of the one-seoond intervals for each trial are
presented in Figures 4 through 20 for the normal infants and Figures
21 through 37 for the developnentally delayed infants.

(See pages

22 - 31.)

Stimulus intensily
On the first two trials of the first stimulus the normal infants
seemed to show a greater amount of heart-rate deceleration than the
developnentally delayed infants.

Ihe amount of heart-rate change for

the normal infants on these two trials was -51.7 beats per minute and
for the developmentally delayed infants was +26.3 beats per minute.
(See Figure 38, page 32.)

However, no significant difference was

found between the groups. (See Table 6 , page 33.)

The lack of sig

nificance seems to be due to the small amount of data obtained with
only five subjects and the large standard deviations \diich existed for
these data.
On trials 16 and 17, vdiere the second stimulus was presented

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

22

S

I

Seconds Post Onset
Figures 4.5.6 end 7. Cardiac ch an g e o f th e 5 n orm al infants
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Seconds Post Onset
Figures 8.9.10 end II. Cardiac chan g e o f th e 5 norm al infants
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Seconds Post O n set
figures 12.13.14 end 15. Cardiac change of th e 5 n o rm al infants
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Figure: 16,17 and 16. Cardiac change of the 5 n o rm al infants
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rigurts 19 and20. Cardiac clian g e o f tfie 5 no rm al infants
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Table 6
Analysis of Variance Sumraary Table

Mean
square

Source

S m of
squares

Degrees of
freedom

Mean
Grorp
Error

951.27
1545.88
8942.97

1
1
8

951.27
1545.88
1117.87

.85
1.38

Interval
Interval x groip
Error

517.37
744.91
5178.42

8
8

64.67
93.11
80.91

.80
1.15

64

F

(a 300 ops increase in frequency), the developmentally delayed infants
appeared to demonstrate a greater amount of heart-rate deceleration
than the normal infants.

ïhe amount of heart-rate change for the

normal infants was +49.2 beats per minute for the two trials and was
-98.3 beats per minute for the two trials for the developmentally derlayed infants.

Figure 39 (page 32) displays these data.

cant difference was found between the grovps, however.
page 34.)

No signifi
(See Table 7,

This lack of significance also seems to be due to the small

amount of data obtained and the large standard deviations for these
data.
Discussion

Differences between normal and developmentally delayed infants
were found in cardiac response to a moderate level, repeatedly presented,
pure-tone auditory signal.

The differences were shown when several

characteristics of the cardiac response were examined; habituation,
patterning and amount of heart-rate change.
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Table 7
Analysis of Variance Sutnary Table
Degrees of
freedom

Mean
square

Source

Sum of
squares

Mean
Groiç)
Error

4488.75
593.93
17319.51

1
1
8

4488.75
593.93
2164.94

2.07
.27

1663.31
647.12
5364.78

8
8

207.91
80.89
83.82

2.48*
.96

64

Interval
Interval x group
Error

F

*p < .02

Habituation

On the basis of prior research, habituation of the heart rate
deceleration response to the signal was anticipated (Adkinson & Berg,
1976; Graham & Clifton, 1966).

Thorpe (1956) defines habituation as

a relatively permanent waning of the response as a function of repeat
edly presented stimulation not followed by reinforcement.

Several

studies carried out with normal infants have shown habituation over
trials (Kagan & Lewis, 1965; Bartoshuk, 1962; Adkinson & Berg, 1976).
Other studies comparing normal infants and infants who suffered some
type of trauma at birth found habituation with normal infants and mini
mal evidence of habituation, or no habituation at all, with the infants
suffering trauma (Bronshtein, Antonova, Kamenetskaya, Luppova & Sytova, 1958; Eisenberg, Coursin & Rupp, 1966).

Conversly, Luria (1963)

has proposed that the mentally retarded cannot maintain an orienting
response to a change in stimulation and that the oriaiting response of
these subjects habituates quickly.
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It is difficult to draw conslusions from the current literature
since the studies have oiployed different measures (GSR, EEG, EKG, and
head and finger blood volume measures), different types of stimuli
(visual, auditory and tactile), different stimulus parameters (such
as duration and intensity) and different populations.
Another variable v M c h may account for seemingly conflicting re
sults in the literature was observed in the present study.

The number

of trials administered may affect the results in terms of habituation
of the heart rate response.

Rather than habituation, a fluctuation

of the decelerating heart rate response occurred over trials for both
groups of infants.

In other words, some of the previous studies vhich

demonstrated habituation of heart-rate deceleration m i ^ t have found
fluctuation of the response if more trials had been run.

Several stu

dies blocked trials in the analysis procedure or sampled the lowest or
highest beats in an interval, rather than examining each beat-per-minute.

Either of these procedures could mask the response form, parti

cularly the fluctuating aspect of the response.

Examining each beat-

per-minute without averaging by trial blocks may more accurately de
scribe the change which occurs in the response.
Fluctuation of heartr-rate deceleration was found in this study.
This is shewn in Figure 2.

These results are similar to results of

research carried out by Frieburg (1937).

In Prieburg's study, subjects

were required to press a key vpon hearing a signal.

Results indicated

that the subjects' performance fluctuated with both pure and complex
tones of liminal intensity; the most rapid fluctuations occurring with
tones perceived about half of the time.

Adaptation did not occur.
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The auditory signal in the present study was approximately equivalent
to the level of normal conversation (65 db). This level did not appear
to be at a threshold level and a strong response was obtained by both
groups on a number of trials.

For exanple, a mean heart-rate decrease

of six beats was noted eight seconds following stimulus onset for the
normal group.

Nine seconds after the onset of the tone a mean heart-

rate deceleration of five beats was observed for the developmentally
delayed babies.

Moderate, as well as low level stimuli may result in

a fluctuation of heart-rate responses.
Whether or not heart-rate deceleration to stimulation indicates
that the individual is attending to the stimulus is unclear.

Karrer

(1976) warns that inferring a behavioral state (such as attending)
from a physiological measure (such as heart-rate deceleration) is cur
rently a weak position.

He suggests that it is necessary to confirm

this inference using a direct test of behavior.

A study us:'ng a mea

sure of behavior, reaction time, and heart-rate response to stimula
tion has been carried out by Krupski (1976).

She found that for both

normal and mentally retarded young adults heart-rate deceleration
seemed to reflect an individual's maximum preparedness to respond.
Other studies have shown that cardiac deceleration accompanies atten
tion to visual and auditory stimuli in adults (Lacey, 1959; LacQ^,
Kagan, Lacey, & Mass, 1963) and in first graders (Kagan & Rosian,
1964).
The examination of heart-rate deceleration revealed that for both
the normal and developmentally delayed infants a fluctuation of the
heart-rate deceleration response occurred, rather than habituation.
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It is questionable vàiether heart-rate deceleration to a signal reflects
the individual's attention to tirie stimulus.

It seems reasonable to

assumef however, that the deceleration in heart rate at least corres
ponds to a preparedness of the individual to respond to the stimulus.

Patterning

The patterning of the heart-rate response to the pure tone indi
cated a large difference between the normal and the developmentally
delayed infants.

i M s difference is displayed in Figure 3.

When the

data were collapsed over trials, the normal infants showed a strong
heart-rate deceleration to stimulation.

In contrast, the developnent-

ally delayed infants displayed an acceleration in heart rate to the
tone.

Individual data for normal infants showed a strong deceleration,

also, while data for individual infants in the develcçmentally delayed
group shewed a relatively weak deceleration or an acceleration in
heart rate.

A number of factors, or the interaction of several fac

tors, may account for this difference.

Karrer (1976) suggests that

finding a reliable and valid difference beW e e n individuals does not
necessarily mean that an "organic lesion" exists.
found may not be related to etiology.

The difference

Karrer emphasized that the dif

ference reflects the complex interaction of biological developnental,
genetic and e:perience factors.

This is not to deny that the differ^-

aice may be a sign of a lesion of seme physiological process, but to
stress that the interaction of many variables may be responsible for
the difference.
Severed, studies have demonstrated that a relationship exists
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between heart-rate acceleration and "rejection” of a stimulus and
heart-rate deceleration and "acceptance" of the stimulus (Lacey, 1963;
Graham & Clifton, 1966).

On the basis of these studies it has been

postulated (Karrer, 1976) that acceleration may be related to cognitive
processing and stimulus blocking and that on a passive stimulus recep
tion task, retarded subjects would be expected to show similar or more
deceleration than normals.

In the present stu^, vhich employed a

simple stimulus reception task, the results were the opposite to those
expected on the basis of this hypothesis.

The develc^xnentally delayed

infants showed much more acceleration than the normal infants.

It may

be that if acceleration indicates stimulus rejection and deceleration
stimulus acceptance, then the normal infants did not reject the stimu
lus.

Therefore, they had more opportunities to learn about it, espe

cially on early trials.

The greater heart-rate deceleration (possibly

stimulus acceptance) of the normal children may, at least partially,
account for the faster learning which typically occurs on tasks with
normal individuals.

Even a simple stimulus needs to be processed.

Amount of heart rate change
The amount of heart-rate deceleration, determined by magnitude
and frequency of the response, was different for the normal than for
the developmentally delayed infants, also.
tude is shown in Figure 3 and Table 4.
displayed in Figure 2 and Table 3.

The difference in magni

The difference in frequency is

(Figures 4 through 37 show the dis

tribution of the data for each grovp on each trial.)

In this study a

moderate level stimulus (65 db, 350 cps tone) was selected ; ’
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approximately the decibel level of normal conversation.

Since many

learning situations involve verbalization, this seemed an important
level of auditory stimulation to investigate.
Pegarding stimulus intensity and heart rate deceleration, Luria
(1963) has suggested that the mentally retarded emit fewer orienting
rei^nses than normal individuals to moderate or low levels of stimu
lation.

Moskowitz and Lokman (1970) found it necessary to use an in

tense level of stimulation to evoke an orienting response with Down's
syndrate subjects.

When the data for each trial in this study are

examined it is evident that both the normal and develcpmentally de
layed infants demonstrated an orienting response to this moderate
level stimulation.
Though both groipis exhibited heart rate deceleration vhen the
amount of deceleration is examined there is a considerable difference
between the groups of infants as shown in Figure 3.

The total amount

of deceleration was greater for the normal than for the delayed in
fants.

During any fluctuation phase the normal infants appeared to

maintain a deceleration in heart rate for more consecutive trials than
the developmentally delayed infants (two to five trials and one to
three trials respectively).

(Refer to Figure 2.)

If heart rate de

celeration is correlated with attention, then these data are consis
tent with the literature on mental retardation.

Denny (1964) suggests

that the mentally retarded have a deficit with respect to duration of
attention.

Luria (1963) contends that the mentally retarded cannot

maintain an orienting response.

This deficit may be evident during

infancy by amount of heart-rate deceleration and its maintenance over
consecutive trials.
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ïhe fluctuation of the decelatocy heart-rate response seemed
to take place on later trials for the developmentally delayed babies
than for the normal babies.

This is displayed in Figure 2.

For the

first seven trials the response distribution of the developmentally
delayed group was the mirror image of the normal group of babies.
Assuming heart-rate deceleration corresponds to preparedness to respond,
this finding is consistent with the fact that the mentally retarded
show a delayed response and delayed reaction time coipared to normal
subjects (Denny, 1966).
Thus, both normal and developmentally delayed infants demonstrated
heart-rate deceleration to a moderate level auditory signed.

The nor

mal infants shewed a greater amount of deceleration, a greater fre
quency of the respcaise and seemed to maintain the cardiac deceleration
over more consecutive trials than the develcpnentally delayed infants.
The cardiac deceleration seemed to occur on later trials for the deve
lopmentally delayed babies.

If heart-rate deceleration is correlated

with attention then these results seem consistent with the literature
on attention and mental retardation.

Stimulus intensity

The importance of assessing various stimulus parameters was evi
dent in this study.

Karrer (1976) noises that the retarded are repeat

edly less responsive to low intensity stimulation but are equal to or
more responsive with higher level stimuli.

During trials 1 and 2 of

the first stimulus (65 db, 350 cps) the normal infanta seemed tso show
greatar heart-rate deceleration than the developmentally delayed infants.
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(See Figure 38.)

Since habituaticn was anticipated, a dishabituation

paradigm was used on trials 16 and 17.

For these trials a second sti

mulus at 65 db, but increased to 650 cps, was presented.

On these two

trials the develcpmentally delayed infants seem to di^lay greater deceleration than normal infants.

(See Figure 39.)

The increase in

frequency of the tone may have functioned as an increase in intensity,
even though the db level remained unchanged.

The results are consis

tent with previous studies where developmentally delayed individuals
were more responsive than normal individuals to intense stimulation.
Future research should investigate the effect of different frequencies,
as well as db levels on heart-rate decèleratd.on.
Many questions can be raised regarding psychophysiological mea
sures and mental retardation.

Yet heart-rate response seems to have

considerable potential as a measure to differentiate between normal
and developmentally delayed infants.

Further investigation is needed

in many areas including the effect of various stimulus parameters and
various types of stimulation.

Analysis of heart-rate response to on

set and to offset of stimulation would provide more data on each indi
vidual than is provided by this study.

Studies on heart-rate response

to a repeatedly presented stimulus should use many trials, for exanple
10 to 15 trials, to c lari^ the issue of fluctuation versus habitua
tion.

Examination of data on individual trials, and sampling each

beat per minute, seem necessary to accurately describe the response.
Finally, studies using larger numbers of subjects and different subgroips of the mentally retarded would provide critical information
regarding the usefullness of this measure.
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This ejqjerimBnt was conducted to assess duration of manipulation
of a single novel object by normal and developmentally delayed infants.

Method

Subjects

The infants vdio participated in ej^jeriment 1 also participated in
this study.

The infants vdio cried and vdio fell asleep in experiment 1

responded without difficulty in this experiment, making 6 infants in
each groiç».

The sixth infant included in the developmentally delayed

groiç» was diagnosed as having cerebral hypotonia.
Age mean, median and range scores for each grovç> of babies are
presented in Table 8 (page 43 ).
the two grorps of infants

No difference in age was found for

(t, 10 = 1.8, NSD).

Procedure

Upon completion of esqjeriment 1 the mother and infant were given
about a 10 minute break.

Then experiment 2 was begun.

The s t u ^ was conducted in a 10' x 14' room in the Clinical Inves
tigational Unit of Bronson Hospital.
Bell Test (1967).

The procedure used was Pubenstein's

The infant was seated on the mother's 1 ^ at a table

covered by a white cloth.

The examiner sat across the table.

minute adaptation period was allowed.

A one-

The mother was instructed to

give the child support to remain upri^t, but not to interact with the
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Table 8
Ages in Months

Groip

Mean

Median

Range

Normal Infants

6

11.7

11.6

8.0 - 16.9

Developmentally
Delayed infants

6

18.3

16.5

12.4 - 31.4

child in any other way during the session.

The child was then pre

sented with a single novel stimulus, a bell with a red wooden handle.
A string was attached to the handle.

The examiner held the other end

of the string so that if the bell fell off the table it oould be quick
ly replaced.

The examiner rang the bell and placed it on the table

within reach of the child for a ten-minute interval.
procedure data were collected using an event recorder.

In Rubenstein's
In this study

the examiner used a stop watch to reoord the amount of time the
child made tactile or oral oontact with the bell.
measured the ten-^ninute interval.

A sweep hand timer

At the end of the session the amount

of the child's visual exploration and vocalization were recorded on a
three-point scale.

A score of 1 indicated that the behavior did not

occur, a 2 that the behavior was displayed infrequently and a 3 repre
sented frequent occurrence of the behavior.

If the child began to

cry or became restless, the session was terminated until the mother
quieted the child.

This was necessary with only two children who

quieted quickly and the session resumed without further problems.
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Results

% e data revealed that the duration of manipulation of the bell
varied significantly between the normal infants and the developmentally
delayed infants.

(See Table 9, page 45.)

Table 10 (page 4 5 ) presents

the mean, standard deviation and range scores for each group.

The nor

mal infants manipulated the novel <±>ject for a longer period of time
(mean = 505.3 seconds) during the ten-minute interval than the develop
mentally delayed infants (mean = 358.7 seconds).
The three-point rating scale used to describe visual exploration
and amount of vocalization resulted in a clustering of the data around
the middle score (2).

Thus, the results for these measures were ob

scured by the lack of sensitivity of the rating scale.
Because Rubenstein found that sex differences were not signifi
cant for the Bell Test the dats. were combined for both sexes.

Discussion

The hypothesis that differences in esqplorataery behavior, measured
by duration of manipulation of a novel object and amount of visual
exploration and vocalization, would vary between normally developing
infants and infants delayed in development was svpported.

The dif

ferences were in the predicted direction with the normal infants dis
playing more exploratory behavior,

(See Table 9.)

Inhelder (1974) points out that a child can be mentally active
without engaging in manipulation of objects and that he can also be
mentally passive while manipulating objects.

Though a child's manipu

lation of a novel object does not necessarily mean he is mentally
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Table 9
Analysis of Variance Suimiary Table

Source

Sum of
squares

Between

64,533.2

Within
Total

Degrees of
freedom

Mean
square

F

1

64,533.2

5.42*

119,136.8

10

11,913.7

183,670,0

11

*p < .05

Table 10
Duration of Manipulation of the Bell in Seconds**

Mean

Grovcp

Standard
Deviation

Range

Normal Infants

6

505.3

81.94

409 - 599

Developmentally
Delayed Infants

6

358.7

130.82

146 - 507

**600 seconds maximum

active, the manipulation at least increases the probability that he
will receive more varied information about the object than if he had
not manipulated it.

In other words, vdien an infant manipulates novel

objects he increases the opportunities available for learning.
Rubenstein (1967) used the Bell Test with infants who varied in
the amount of maternal attentiveness they received.

She found signi

ficant differences in manipulation, looking and vocalization between
children vhose mothers vere rated as high and low in attentiveness.
No significant differences were found on any of the measures for child
ren \dr>se mothers were rated as high and medium or mediwi and low in
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attentiveness.

In the present stun^, the Bell Test discriminated be

tween infants with a relatively large difference in cognitive level.
It may be that the measure is not sensitive enough to differentiate
between infants with considerably less severe discrepancies in cogni
tive development.
If the higher scores for exploratory behavior observed with the
normal infants reflect a longer duration of attention, then the results
are consistent with the literature on mental retardation.

One of the

most basic deficits of the mentally retarded appears to be duration of
attention (Zeaman & House, 1963; Denny, 1964).

In a review of the

literature Denny (1966) has pointed out that the mentally retarded have
difficulty maintaining attention for an appreciable length of time.
During infancy this shorter duration of attention may be reflected in
such measures as those used in the Bell Test.
Future research on the Bell Test might use video t^ i n g proce
dures v M c h would make it possible for observers to record the dura
tion of visual amelioration and vocalization.

Duration measures would

describe these behaviors more accurately than a rating scale.
Additional research might well examine these measures of explora
tory behavior as a function of different types of inpairment categor
ies and also with larger numbers of subjects.

The measures appear to

account for sane of the differences between varying levels of cognitive
development during infancy.
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EXPERIMENT 3

This esçîeriinent was carried out to examine exploratory behavior
in normal and developmentally delayed infants.

Esgloratory behavior

was measured by duration of manipulation of a familiar object and of
novel objects, amount of visual exploration of a familiar object and
of novel objects, and by amount of vocalization during the session.

Method

Subjects

The infants were the same infants vbo participated in experi
ment 2 .

Procedure
The study was conducted in a 10' x 14' room in Bronson Hospital's
Clinical Investigational Iftiit.
iment 3 was begun.

Upon oonpletion of ejçjeriment 2, exper

The infant remained seated on the mother's lap at

the table vhich was covered by a white cloth.
across the table.

The same examiner sat

The mother was again instructed to give the child

support to remain ipriÿit, but to not interact with the child in any
other way during the session.
The procedure used was similar to Rubenstein's Pairs Test (1967).
Because of the infant's exposure to the bell for 10 minutes in experi
ment 2, it was now a familiar object for the infant.

In the present

study the bell was paired with ten novel objects, each for one minute.
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The position of the objects, on the infant's left or right, was deter
mined by use of a random number table,

The order and position of the

objects was the same for all of the infants.

Because the bell was

capable of providing auditory and visual feedback, the ten novel ob
jects were selected so as to provide feedback via the two modalities.
This selection was an attaipt to equalize differences between the ob
jects.

Each of the objects was of a shape and size that an infant

could easily grasp with one hand.

Figure 40 (page 4^ shews the 10

novel objects.
A sweep hand timer was used to record the one-minute intervals.
The examiner used two stop watches to measure the duration of manipu
lation of each of the objects.

At the end of a presentation the exam

iner rated the amount of visual ejq)loration of each object and the
amount of vocalizing which occurred.
point scale.

The rating was done on a three-

The rating of 1 indicated that the behavior did not occur,

a 2 that the behavior was displayed infrequently, and a 3 represented
frequent occurrence of the behavior.

Six final scores were obtained

on each child: (1 ) total duration of manipulation of the familiar bell
for 10 trials (2 ) total duration of manipulation of the 10 novel ob
jects (3) a preference for novelty score (a generated measure; total
duration of manipulation of novel objechs minus total duration of man
ipulation of the bell) (4) a rating of amount of visual exploration of
the bell for the 10 trials (5) a rating of the total amount of visual
exploration of the 10 novel cabjects and (6 ) a rating of the amount of
vocalization vhich was displayed during the session.
After experiment 3 was completed each infant was given a cxorplete
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physical examination by the pediatrician from the Bronson Clinical
Investigational Unit or the pediatrician from the Bronson Follow Along
Clinic.

This examination was given to be sure the child did not have

any illnesses that might have interfered with performance, such as a
cold or sore throat.

The examination was also done for the benefit of

the infant and mother.

The report was placed in the child's medical

file as a record of development.

Results

A 2 (infant group) x 10 (trials) x 2 (type of object:

novel or

familiar) analysis of variance revealed a significant trial by object
type interaction for duration of manipulation.

The groip factor, nor

mal or developmentally delayed, approached significance on this mea
sure.

See Table 11 (page 51).

Manipulation of the familiar object

Individual analysis of the familiar object on each trial revealed
a significant difference between trials 3 and 10 only.

The infants

manipulated the bell for more time on trial 3 than on trial 10,
q (20, 180) = .998, p < .05 (Tukey, 1949).
Figure 41 (page 52) shews that the normal infants exhibited a de
creasing manipulation time with the familiar deject (bell) beginning
on trial 7.

A Dunn test (Dunn, 1961) revealed a significant differ

ence between trials 1 through 6 and trials 7 through 10 for the normal
infants, t (2, 180) = 3.62, p < .01.

No significant difference was

found on these trials for the developmentally delayed infants,
t (2, 180) = 1.25, NSD.
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Table 11
Analysis of Variance Summary Table

Source
Mean

Sum of
squares
654.18

Degrees of
freedom

Mean
square

1

654.18

184.38
3.95

Group

14.00

1

14.00

Error

35.48

10

3.55

Type (object)

62.06

1

62,06

.18

1

.18

24.38

10

2.44

Type X group
Error

F

25.45*
.07

Trial

3.06

9

.34

1.53

Trial x group

3.00

9

.33

1.51

19.96

90

.22

10.98

9

1.22

2.15

9

.24

48.95

90

.54

Error
Type X trial
Type X trial x group
Error

2.24*4
.44

*p<.001
* * p ^.026
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Because a three-point scale was used for visual exploration, a
clustering of the data occurred around the middle score (2).

Thus,

the results for this measure were obscured by the lack of sensitivity
of the rating scale.

Manipulation of the novel objects

Figure 42 (page 54) displays the data for duration of manipulation
of the novel objects.

Individual analysis of manipulation of each of

the objects indicated no significant difference between any of the ob
jects.

Thus, the infants did not exhibit a preference for any of the

novel toys.

Preference for novelty

Preference scores were measures generated by subtracting the to
tal duration of manipulation of the familiar object from the total dur
ation of manipulation of 10 novel objects.
a preference for novelty.

A positive score indicated

There was no difference in the degree of

preference between the two groups of infants, F (1, 10) = .07, NSD.
Analysis of the type of object (novel or familiar) on each trial
indicated that on trials 2 and 9 the infants manipulated the novel (±>jects longer than the familiar object, q (20, 180) = 1.58 and 1.46 re
spectively, p ^ .05 (Tukey, 1949).

A sign test showed that if in fact

there is no difference in tlie duration of manipulation of the novel ob
jects over the familiar objects, the probability of obtaining such a dif
ference is = .001.

Consequently, the tendency of the data is in the dir^

ection of preference for the novel over the familiar object for the
infants.
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Amount of vocalization

The lack of sensitivity of the three-point rating scale resulted
in a clustering of the data around the middle score vdiich obscured the
results.

Discussion

Normal infants showed a decrease in duration of manipulation of a
familiar object over trials, v ^ l e developmentally delayed infants did
not demonstrate this tendency.

The normal infants appeared to habitu

ate to the repeated presentations vhile the infants delayed in develoi>ment did not.

(See Figure 41.)

Bridger (1961) suggests that habitua

tion is a decranent and cessation of a response to the repeated presen
tation of a constant stimulus.

Jeffery and Cohen (1971) stress that

response decrement is not sufficient evidence of habituation. The lat
ter authors indicate that demonstration of response recovery to a nov
el stimulus is needed to rule out situational and effector fatigue. In
this stui^ the normal infants did danonstrate response decrement to a
repeatedly presented stimulus (the bell), vhich became close to a lack
of response on trial ten (mean duration of manipulation on trial ten =
8

seconds, maximum possible = 60 seconds). The normal infants also

showed continued response strength to the novel stimuli vhich were pre
sented simultaneously, thus ruling out situational or effector fatigue.
Consequently, the normal infants did appear to habituate over the ten trials.
In addition, the normal infants manipulated the bell longer than
the developmentally delayed infants in ejqperiment 2, and sliÿitly long
er in experiment 3 on the first seven trials.
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The longer manipulation of the bell on initial trials and the dem
onstration of habituation by the normal infants, not shown by the deveIqpmentally delayed infants, seem consistent with the data on pesrfer’"
mance of mentally impaired individuals.

The mentally impaired have

difficulty maintaining attention to a task for an appreciable length
of time and demonstrate an attention deficit (Denny, 1964).

Stone,

Smith and Murphy (1973) suggest that habituation or "disattending" may
be the opposite side of the coin to the study of attention and the
effects of novelty, and that, with a repeated presentation, memory is
clearly implied.

Habituation may be a measure of the ability to recog

nize the "old hat" situation.

If manipulation of the bell can be con

sidered a type of attending, then the Pairs Test seems to demonstrate
a deficit in attention with the developmentally delayed infants.
These impaired infants may not have habituated as the normal in
fants did because they were not attending as long on any trial.

If a

minimal amount of attention to a repeatedly presented stimulus is ne
cessary for habituation, it may be that the developmentally delayed
infants require more trials to reach this total minimal amount of at
tention to the stimulus.

Thus, for developmentally delayed infants

more trials are probably necessary for the recognition of the "old hat"
situation to take place.

Some research (Bronstein, Itina, Kamenetskaia

& Sytova, 1958; Polikania, Polikania and Probatova, 1958) suggests that
nevboms with birth injury to the brain often show no evidence of re
sponse decrement or require many trials to demonstrate a decrement.
Luria (1963), on the other hand, suggests that the mentally retarded
demonstrate faster habituation.

Since Luria's studies utilized
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physiological measures, different populations and different stimuli, it
is difficult to draw any conclusions.

More research is needed before

this issue can be clarified.
The hypothesis that the normal infants would show a greater pre
ference for novelty was not supported.
tween tlie two grovps of infants.

No differaice was found be

(See Figure 42.)

These results seem

to contxast with the results obtzained by Sigman (1976) with eight-montiiold infants.

Sigman's study involved infants vho were classified as

high- or Icw-risk on the basis of multiple performance measures.

The

low-risk infants showed a greater preference for novelty than the highrisk infants on a task similar to the Pairs Test.

Duration of manipu

lation and of visual exploration were oombined intx) one measure of pre
ference.

The ocmbinatlon of the duration measures could have resulted

in a more sensitive measurement.

Another possible reason for the con

flict in results could be an age factor.

The Sigman study involved

ei^t-month-old infants; the youngest child in the present study was
eight-months-old and the range extended to 31 months.

It is possible

that differences in preference for novelty on the Pairs Test disappear
at later ages.
Sigman also found that performance was affected by socio-economic
status.

High socio-economic status premature infants danonstxated

less eaqiloration of novel objects than did low socio-economic status
premature infants.

In the present study, this environmenthL factor

was not controlled.

Since if there were a difference in preference

between nornal and developmentally delayed infants, on the basis of
Sigman's work, the normal infantzs would be expected to show greater
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preference.

It is unlikely that the developmentally delayed infants

in the present study were from a high sœio-eoonomic class.

Fran the

visits to the hemes it appeared that if there were a difference, then
the difference was just the opposite.

Therefore, socio-econanic class

would not be esqjected to account for the results obtained in this study.
The problems encountered with the three-point rating scale used
to describe amount of visual exploration and vocalization could be
avoided by use of video taping procedures.

Duration measures could be

used and would more accurately describe the behavior.

This would pro

vide a better means of carrying out reliability checks, too.
Although preference scores did not seem to be associated with: :
different levels of cognitive development, at least with this age range
of infants, there are many questions to be answered regarding the uti
lity of the procedure.

The duration of manipulation of the familiar

object in the Pairs Test certainly seems worthy of further research.
Studies with larger numbers of subjects, and vhich include information
related to environmental factors (such as socio-economic class) are
needed.

Examination of performance on the measures eis a function of

different types of adverse prenatal factors might provide answers to
some of the many questions regarding identification of risk factors
in infancy.
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GENERAL DISCUSSION

This project examined the hypothesis that two groips of infants,
one groiç) developing normally and the other developmentally delayed,
would differ on three characteristics that are related to cognitive
development.

Infants in the developmentally delayed group had all ex

perienced some type of prenatal ocnplication associated with cognitive
impairment in childhood.

These prenatal conditions included hydroce

phaly, Down's syndrome. Comrade's syndrome, microoephaly and oerdoral
hypotonia.

The age range was 8 to 16.8 months, with one developmentally

delayed infant vho was 31 months old.

The three characteristics exam

ined were cardiac response to a repeatedly presented auditory signal,
duration of manipulation of a novel object and preference for novelty.
Cardiac change to stimulation is a physiological variable vhich
correlates with attention.

Since attention is a prerequisite to learn

ing, the relationship of cardiac change and cognitive development ap
peared to be an iitportant area to investigate.

The other two charac

teristics, duration of manipulation of a novel object and preference
for novelty, are measures of infants’ e^qploratèry bdiavior.

Explora

tory behavior is likely to be a prerequisite to sustained intellectual
functioning (Yarrow et al., 1975) and therefore also a potentially
valuable area to explore.
Ohe first study examined the cardiac response of normal and deve
lopmentally delayed infants to a repeatedly presented 65 db, 350 cps
pure sine tone.

The tone was presented for 15 trials \diile the infant

was seated on the mother's 1 ^ .

Duration of the tone was 30 seconds
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and the interstiinulus interval was 20 seconds.

U^xm completion of the

15 trials, two additional trials with a second stimulus were presented
to control for state of the infant.

In other words, the second stimur

lus was used to determine viiether or not any decrease in responding
could be attributed to fatigue.

The second stimulus consisted of a

300 cps increase (650 cps) over the first stimulus.

Data ware analyzed

over one second prior to stimulus onset and nine seconds following on
set of the stimulus.
Differences between the normal and the developmentally delayed
infants were observed vhen several oonponents of the cardiac response
were examined.

In addition some interesting similarities between the

two groups of infants were noted.
A deceleratory heart-rate response, a component of the orienting
response, was demonstrated by both the normal and the developmentally
delayed infants.

Habituation of this deceleratory heart-rate response

to repeated stimulation had been shown in previous research.

In the

present study, however, a fluctuation of the deceleratory heart-rate
response was observed.

Over the 15 trials, both groups of infants

showed three phases of fluctuation.

This fluctuation in responding

is consistent with a stuuty on attention by Frieburg (1937).

This fluc

tuation may not have been evident in previous studies because often
the data in these studies were blocked over trials or intervals v M c h
would mask the fluctuation.

Also, seme studies did not include enough

trials to allow the fluctuation to occur.
A large difference was evident between the normal and the develop
mentally delayed infants in the patterning of the heart-rate response
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to the pure tone,

Uie normal infants showed a strong deceleration in

heart rate and the developnentally delayed infants, after the first
trial, demonstrated an acceleration to the tone.

The difference in

patterning was also apparent in the infants' individual data.

These

results s\:çport the hypothesis that there would be a difference be
tween the two groips of infants on this measure.

If acceleration r^>-

resents stimulus rejection and deceleration stimulus acceptance, the
normal infants would have had more opportunities to l e a m about the
stimulus.
Differences between the two grovps of babies were observed in the
frequency and the nagnitude of the cardiac deceleration to the tone.
Deceleration in heart rate was of greater magnitude, occurred more fre
quently and seemed to be maintained over more consecutive trials with
the normal infants than the developmentally delayed infants.

The

heart-rate deceleration appeared to take place on later trials with
the developmentally delayed babies than for the normal babies, also.
These results are in agreement with research on normal and mentally
impaired individuals for attention (Zeaman & House, 1963; Denny, 1964)
and reaction time (Knpski, 1976).
This s t u ^ raises numerous questions about infants' cardiac re
sponse to stimulation.

Further investigation is needed to examine the

effects of various stimulus parameters, different types of stimulation
and different number of trials on the cardiac response.

Studies atplcy-

ing larger nuirbers of subjects and different subgroups of mentally im
paired individuals are also necessary.

Cardiac response to stimulation

seems to have considerable potential as a measure to discriminate
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between normal infants and infants at-risk in terms of cognitive deveIts usefulness can be determined only by further research.
The second experiment assessed duration of manipulation of a nov^
el object by the normal and the develc^anentally delayed infants.

Each

baby was seated on the mother’s lap at a table covered by a vhite cloth,
Rubenstein's Bell Test (1967) was used.

This test involved presenting

the infant with a bell with a red wooden handle for 10 minutes.

Dura

tion of manipulation of the bell was measured and the amount of visual
exploration and vocalization during the 10 minutes was rated on a threepoint scale.

The results indicated that the normal infants manipula

ted the bell for a longer period of time than the developmentally de
layed infants,

Thxas, the second hypothesis was supported.

If a long

er duration of manipulation accompanies longer attention to the object,
then the results are in accordance with the literature on mental retar
dation.

The mentally retarded seem to have difficulty maintaining at

tention for an appreciable period of time (Zeaman & House, 1963; Denny,
1964).

The Bell Test may reflect this difficulty during infancy,

A

longer duration of manipulation at least increases the baby’s opportu
nities for learning about the object.
The three-ppint rating scale confounded the results obtained on
amount of vocalization and visual exploration.

Use of video taping

procedures, in future research, would circumvent this problem and make
it possible to obtain duration measures on these behaviors.

If dura

tion measures for vocalization and visual exploration were combined
with duration of manipulation scores a more sensitive measure for both
groups of infants m i ^ t be obtained.
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Wbre research with larger numbers of subjects and with different
subgroups of mentally impaired is necessary before the value of this
test for early identification of high-risk infants can be determined.
For the third study the infant remained seated on the mother's
lap at the table.

Rubenstein's (1967) Pairs Test was erployed.

The

baby was presented with the bell that was used in the Bell Test and a
novel object for one minute.

This procedure was used ten times, each

time with a different novel object.

Duration of manipulation of each

object was recorded and amount of visual exploration and vocalization
were rated on a three-point scale.

Preference for novelty, a generated

— score (duration of manipulation of the novel object minus duration of
manipulation of the bell) was also calculated.
The difference between the normal and the developmentally delayed
infants on duration of manipulation of the bell approached significance,
with the normal infants manipulating the bell for a longer period of
time.

No difference was observed between the W o groups of infants on

duration of manipulation of the novel objects or on preference for nov
elty.

Thus, the third hypothesis, that there would be a difference

between the two grovps on preference for novelty, was not supported.
However, the normal infants demonstrated a decreasing manipula
tion time for the bell.

This decrease in manipulation was not shown

by the developmentally delayed infants.

These results were interpreted

as reflecting habituation of the manipulative response to the familiar
object.

No habituation was evident for either groip with the familiar

object, indicating that fatigue would not account for the decrease in
the normal infants' nenipulation of the bell.

These results seem to
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demonstrate that the developmentally delayed infants did not habituate
because they were not attending to the bell as long on any trial.

If

a certain amount of attention to an object is necessary for habitua
tion to take place, then the developmentally delayed infants may re
quire more trials to reach this cumulative amount of attention.

Fur

ther research is necessary to test this hypothesis.
In this study the three-point rating scale confounded the results
obtained to describe visual exploration and also vocalization.

Use of

video taping procedures could eliminate this problem.
As with the other two studies, more research with larger numbers
of infants frcm different subcategories of mentally impaired are re
quired before conclusions can be drawn regarding the utility of the
Pairs Test and rate of habituation as a measure of risk during infancy.
In conclusion, this investigation found three different character
istics related to cognition vAiich discriminated bet.veen a grotp of nor
mally developing infants and infants delayed in development.

One char

acteristic, cardiac deceleration to a repeatedly presented auditory
signal, is one component of an orienting response.
sponse accompanies attention.

The orienting re

Since attention is a prerequisite for

learning, cardiac response to stimulation is an important variable to
consider in the assessment of cognitive functioning.

Cardiac response

to stimulation has several advantages over the use of standardized
tests in the assessmsit of cognitive functioning during infancy.

It is

an objective physiological measure, requires little participation by
the infants and seems to be a sensitive measure for discriminating be
tween those infants at hic^- and low^risk.
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Piaget (1952) and Yarrcw et al. (1975) have emphasized the ijtportanoe of the relationship between exploratory behavior and sustained
intellectual functioning.

In the present study one characteristic of

exploratory behavior, duration of manipulation of a novel object did
discriminate between normal and developmentally delayed babies.
was measured by the Bell Test.

This

Another measure, preference for novelty

failed to show a difference between the twa groups of infants.

How

ever, habituation of the manipulative response to the familiar object
in this test did discriminate between the two groups of babies.

Both

of these measures of exploratory behavior may be more sensitive if
duration measures of visual exploration and vocalization are combined
with duration of manipulation scores.
Parmelee et al, (1974) have demonstrated the need for, and useful
ness of, multiple measures in early identification of at-risk infants.
The three measures investigated in this project appear to have poten
tial as sources of information, vhen used in a battery of measures,
to increase the validity of judgments regarding risk conditions during
infancy . All of the measures seem to be necessary characteristics for
sustained intellectual functioning.

A great deal more research is

necessary to determine the effectiveness of these three procedures,
however.
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